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(54) METHOD AND DEVICE FOR REPRODUCING OPTICAL DISK 

(57)Abstract: 

PURPOSE: To provide method and device for 

reproducing an optical disk performing high density 3 
land/groove recording without lowering manufacturing 
yield of the optical disk and a reproducing device by 
making an information reproducing beam spot a long 
circle or an ellipse having the major axis in the direction 
vertical to the track of the optical disk. 
CONSTITUTION: The optical pickup 3 having an 
objective lens making a pupil an elliptic shape as the 
method and device for reproducing the land/groove 
recording optical disk recording information on both of a 
land 1 and a groove 2. Then, the information reproducing 
beam spot 5 is made the elliptic shape having the major 
axis vertical to both tracks of the land track 1 and the 
groove track 2, and the ratio between the major axis and the minor axis is specified. Thus, the 
optical disk hardly be made be affected by the slope (tilt) of the optical disk, a thickness error 
of a substrate, the reflectance error of the substrate, the wave front aberration of the optical 
disk 3 and de-focus, etc., and manufacturing yield of the optical disk and the reproducing 
device are not reduced. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The playback approach of the optical disk characterized by making the beam spot for 
information playback into the ellipse or ellipse which has a major axis in the right-angled direction on 
the truck of an optical disk in the playback approach of the optical disk for land groove record which 
records information on both a land and a groove. 

[Claim 2] The regenerative apparatus of the optical disk characterized by making the beam spot for 
information playback into the ellipse or ellipse which has a major axis in the right-angled direction on 
the truck of an optical disk in the regenerative apparatus of the optical disk for land groove record which 
records information on both a land and a groove. 

[Claim 3] The regenerative apparatus of the optical disk according to claim 2 characterized by preparing 
opening of an ellipse or an ellipse in a part of optical system for forming the beam spot for information 
playback. 

[Claim 4] The regenerative apparatus of the optical disk according to claim 2 characterized by making 
the pupil of an objective lens into an ellipse in the optical system for forming the beam spot for 
information playback. 

[Claim 5] The regenerative apparatus of the optical disk according to claim 2 characterized by making 
numerical aperture of a right-angled direction into a small value compared with the numerical aperture 
of a direction parallel to a truck on the truck of an objective lens in the optical system for forming the 
beam spot for information playback. 

[Claim 6] It sets to the objective lens of the optical system for forming the beam spot, and the 
wavelength lambda of the beam for information playback and the relation of the numerical aperture NA 
of a direction right-angled on a truck are lambda/NA > 1.35. mum Claims 2, 3, and 4 characterized by 
being satisfied, and regenerative apparatus of an optical disk given in five. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the playback approach of the optical disk of a land 
groove recording method and regenerative apparatus which record information on both a land and a 
groove especially about the playback approach of an optical disk, and a regenerative apparatus. 
[0002] 

[Description of the Prior Art] As for the optical recording medium which can accumulate information in 
high density, the commercial-scene expansion is expected as mass external memory. For example, I hear 
that an optical disk can be reproduced at a high speed, it is observed as external memory of a computer, 
and many kinds of optical recording media with which the informational are recording approach differs 
from magnitude are proposed, for example, the optical MAG type [ at size with a diameter of 5.25 
inches ] which can rewrite the write once type which can write in informational once, and information - 
moreover, diameter 3.5 In the size of an inch, it is exclusively for playback. A ROM type, an optical 
MAG type, and optical MAG ROM is intermingled - partial ROM type The ISO standard standardizes 
and it is expected that it spreads future still more widely. Moreover, recently, CD-ROM and MD (mini 
disc) have spread quickly, and the future trend attracts attention. 

[0003] These optical disks record by the laser beam from the optical pickup of a record regenerative 
apparatus. The recorded part is called mark and the field which puts this mark in order continuously is 
called truck. In order to make recording density high, it is necessary to put this truck in order tidily and 
to guide a laser beam along a truck for that purpose. That is, the guide for tracking is required and, 
generally this guide is formed in the shape of a spiral towards the periphery in the form of the slot of 
concave or a convex from the inner circumference of a disk. This slot is called a guide slot. 
[0004] Furthermore, it is ISO if a guide slot is explained in detail. When the part which becomes 
concave, i.e., the part which becomes far away, is called a land when it sees from an optical pickup and 
it sees from pickup as specification is defined, the part which becomes a convex, i.e., the part which 
becomes near, is called a groove. Information is recorded on either a land or a groove. When recorded 
on a land, it is called a land recording method, and when recorded on a groove, it is called a groove 
recording method. The path which records information is called truck. From a truck core to the next 
truck core is called the track pitch. 

[0005] The width of face of a groove is defined as W= (Wtop+Wbottom) / 2 by setting width of face 
[ in / for the width of face in the upper part of a groove / the pars basilaris ossis occipitalis of Wtop and a 
groove ] to Wbottom. Moreover, the height to the upper part of a groove is called the groove depth from 
the pars basilaris ossis occipitalis of a groove, the optical disk which has come out to the current 
commercial scene the thing of a land recording method - groove width of face 0.3-0.6 mum it is - the 
groove depth is lambda/(4andn) -lambda/(8andn), when the refractive index of lambda and an optical- 
recording-medium substrate is set to n for the wavelength of the laser for record and playback, 
moreover, track pitch 1.6 micrometers it is . recently, in order to record the information on high density 
further, the report which narrowed the track pitch makes ~ having --****— track pitch 1.4 micrometers 
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1.2 micrometer 1.0 mum etc. - there is an example. 

[0006] An optical recording medium records information on either a land or a groove. An information 
record section is divided into the header field which recorded the data area where a user records 
information, and the address information used like a track number or a sector number in order that a user 
may not use it directly but a record regenerative apparatus may manage information to an optical 
recording medium. Such information is recorded as a mark train or a pit train. 

[0007] As for a data area, generally, the contents differ for every optical recording medium. On the other 
hand, generally header fields are the same contents in all optical recording media. Therefore, as for a 
header field, it is common to prepare with the gestalt of a pit train in the phase which manufactures the 
substrate of an optical recording medium because of mass production method. In this case, the thing of a 
header field may be called a preformat field. When it sees from pickup, a preformat field is imprinted 
from a stamper so that it may become a pit train used as a convex. 

[0008] By the way, since raising recording density more increases the advantage as an optical recording 
medium further, the various approaches for it are made. For example, the approach of narrowing a track 
pitch, as mentioned above is proposed, and research is made. However, wavelength 780-830nm It is 
semiconductor laser light Numerical-aperture (NA)0.5 -0.6 It is a track pitch when it is made to 
condense with an objective lens. 1.4 micrometers When it was made small, problems, like that a leakage 
lump (it is called a cross talk) of the information currently recorded on the truck which adjoined at the 
time of playback becomes large notably, and a tracking error signal required for tracking actuation 
becomes small notably, and tracking precision falls had arisen. It is wavelength in order to avoid these 
problems. 630-690nm Although semiconductor laser was developed, since an output is small and the 
price was also high, the problem was in practicality. 

[0009] Then, land groove record was proposed as another approach to densification. This is a method 
which increases storage capacity by recording what recorded data on either the land or the groove 
conventionally on both a land and a groove. By this method, in order to read the data written in the land, 
and the data written in the groove with comparable C/N-ary, a land width and groove width of face are 
made the same, namely, track pitch 1.4 micrometers a case — land-width and groove width of face 
both — 0.7 micrometers It carries out. It is choosing the depth of a groove suitably, and this method can 
make the groove and land which adjoined, and the cross talk of a between zero or the minimal value 
(cross talk free-lancer), and is very effective in densification. 

[0010] The first reference about the groove depth which serves as a cross talk free-lancer in a land 
groove recording method is Provisional Publication No. It is 57-138065 (correspondence United States 
patent 4,423,502). When the refractive index of lambda and an optical disk substrate is set to n for the 
wavelength of a playback laser beam, it is indicated by this reference that lambda / (6n) extent, then a 
cross talk become small about the groove depth. However, it is not indicated and the optical analysis 
about groove depth which serves as a cross talk free-lancer is JP,57-138065,A also to two or more of the 
reference by which the late-coming line was carried out. Only the same publication is seen. 
[001 1] By the way, this invention person drew analytically the conditional expression which serves as a 
cross talk free-lancer in a data area before. First, the derivation process is explained briefly [ below ]. 
When data are recorded on the land of arbitration and there is no record in the contiguity groove now, 
regenerative-signal reinforcement at the time of reproducing the data recorded on the land is set to A. 
Next, when data are recorded on a contiguity groove and there is no record in a land, regenerative-signal 
reinforcement at the time of reproducing a land (cross talk signal strength from a contiguity groove) is 
set to a. Regenerative-signal reinforcement IL at the time of recording data on both the grooves that 
adjoin [ depth / groove / refractive index / of dG and an optical disk substrate ] lambda, then the land of 
arbitration and it in the wavelength of n and a playback laser beam, and reproducing a land It can 
express with the following formulas. 
[0012] 

IL =|A+a-exp (i4pindG/lambda) |2=A2+a2+2 Aa-cos (4pindG/lambda) - here - IL =A2 (a) a cross talk 

~ since it is free conditions a2+2 Aa-cos (4pindG/lambda) =0 
********** 
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[0013] Next, regenerative-signal reinforcement IG at the time of recording data on both the grooves that 
adjoin the land of arbitration, and it contrary to the above-mentioned case, and reproducing a groove It 
thinks, in this case, the groove depth -dG it is - since - IG =|A+a-exp (-i4pindG/lambda) |2=A2+a2+2 
Aa-cos (-4pindG/lambda) — here — it is ~ IG =A2 a cross talk ~ since it is free conditions, a2+2 Aa-cos 
(4pindG/lambda) =0 is realized. This is completely the same as that of the (a) type. That is, a cross talk 
free-lancer's conditions are also the same as when [ also when data are recorded on both the grooves that 
adjoin the land of arbitration, and it and it reproduces a land ] reproducing a groove. 
[0014] However, this is realized only within the case where a record mark is an intensity modulation 
mark purely. In fact, a record mark needs to turn into reinforcement and a mixed modulation mark (for 
example, in a magneto-optic disk, intensity modulation depends a phase modulation on car ovality chiK 
by car angle-of-rotation thetaK) of a phase, and not only a magneto-optic disk but the optical disk only 
for playbacks and phase-change optical disk like CD need to treat a signal as complex. For this reason, 
the above-mentioned relation is not realized. 

[0015] This is explained a little in more detail. When data are now recorded on the land of arbitration by 
the optical MAG mark and there is no record in the contiguity groove, regenerative-signal reinforcement 
at the time of reproducing a land is made into A+iB. A is car angle-of-rotation thetaK. It is the 
modulation component to depend and B is car ovality angle chiK. It is the modulation component to 
depend. Next, when data are recorded on a contiguity groove and there is no record in a land, 
regenerative-signal reinforcement at the time of reproducing a land (cross talk signal from a contiguity 
groove) is made into a+ib. a is car angle-of-rotation thetaK. It is the modulation component to depend 
and b is car ovality angle chiK. It is the modulation component to depend. Regenerative-signal 
reinforcement IL at the time of recording data on both the grooves that adjoin [ depth / groove ] the 
wavelength lambda of n and a playback laser beam then the land of arbitration, and it in the refractive 
index of dG and an optical disk substrate, and reproducing a land It can express with the following 
formulas. 
[0016] 

IL =|A+iB+ (a+ib) and exp (i4pindG/lambda) |2 = A2+B-2+2 (aA+bB) and cos (4pindG/lambda) + 2 

(aB-Ab) and sin (4pindG/lambda) Here, it is IL =A2+B-2. Since it is a cross talk free-lancer's conditions 

2 (aA+bB) and cos (4pindG/lambda) +2 (aB-Ab) and sin (4pindG/lambda) =0 (b) 
********** 

[0017] Next, regenerative-signal reinforcement IG at the time of recording data on both the grooves that 
adjoin the land of arbitration, and it contrary to the above-mentioned case, and reproducing a groove It 
thinks, in this case, the groove depth -dG it is - since - IG =| A+iB+ (a+ib) and exp (-i4pindG/lambda) 
|2 = A2+B-2+2 (aA+bB) and cos (4pindG/lambda) - 2 (aB-Ab) and sin (4pindG/lambda) Here, it is IG 
=A2+B-2. Since it is a cross talk free-lancer's conditions 2 (aA+bB) and cos (4pindG/lambda) -2 (aB- 
Ab) and sin (4pindG/lambda) =0 (c) 

********** since it is a (b) type != (c) type here so that clearly, the conditional expression which 
serves as a cross talk free-lancer by the case where the case where a land truck is reproduced, and a 
groove truck are reproduced differs, and the optimal groove depth cannot be found. 
[0018] However, if it is car ovality angle chiK =0 degree, B=b=0 [ i.e., ], both the (b) type and the (c) 
type will be set to IL =IG =A2+2 aA-cos (4pindG/lambda) =0. cos (4pindG/lambda) =-A/(2a) (d) 
********** ^at is, it becomes a (b) type = (c) type, and the solution of the optimal groove depth 
exists and the densification by land groove record becomes possible. 
[0019] 

[Problem(s) to be Solved by the Invention] However, the above explanation is the theory to the last, in 
fact, if there are some variations in the inclination (tilt) of an optical disk, the thickness nonuniformity of 
a substrate, the refractive-index nonuniformity of a substrate, the wave aberration of the optical pickup 
of a regenerative apparatus, the amount of defocusing, etc., -A/(2a) of (d) type right-hand side will 
change a lot, and, for this reason, the gap from the optimal groove depth will produce it. That is, a cross 
talk increases. 

[0020] Then, when it was going to realize high-density land groove record, there was a trouble of it 
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having been necessary to manufacture very small optical disks, such as a thickness error of a substrate 
and a refractive-index error of a substrate, the actuator which small pickup of wave aberration and 
defocusing cannot produce easily, and the yield of a product having got worse by inclining (tilt) for this 
reason, and becoming cost quantity from the need of securing the compatibility of two or more optical 
disks. 

[0021] This invention solves such a trouble and it aims at offering the playback approach of an optical 
disk and regenerative apparatus which performed high-density land groove record, without lowering the 
manufacture yield of an optical disk or a regenerative apparatus. 
[0022] 

[Means for Solving the Problem] By making the beam spot for reproducing information into the ellipse 
or ellipse which has a major axis in the direction right-angled on the truck of an optical disk, this 
invention person etc. can stop wave aberration and came to benefit [ that high-density land groove 
record can be performed good ] solution of the above-mentioned trouble for header this invention. 
[0023] Therefore, this invention is set to the playback approach of the optical disk for land groove 
record which records information on the 1st at both "land and a groove. The playback approach of the 
optical disk characterized by making the beam spot for information playback into the ellipse or ellipse 
which has a major axis in the direction right-angled on the truck of an optical disk" is offered. "The 2nd 
In the regenerative apparatus of the optical disk for land groove record which records information on 
both a land and a groove The regenerative apparatus of the optical disk characterized by making the 
beam spot for information playback into the ellipse or ellipse which has a major axis in the direction 
right-angled on the truck of an optical disk" is offered. The 3rd is provided with "the regenerative 
apparatus of the optical disk according to claim 2 characterized by preparing opening of an ellipse or an 
ellipse in a part of optical system for forming the beam spot for information playback." "The 4th In the 
optical system for forming the beam spot for information playback In the optical system for offering the 
regenerative apparatus of the optical disk according to claim 2 characterized by making the pupil of an 
objective lens into an ellipse", and forming the beam spot for "information playback in the 5th The 
regenerative apparatus of the optical disk according to claim 2 characterized by making numerical 
aperture of a right-angled direction into a small value compared with the numerical aperture of a 
direction parallel to a truck on the truck of an objective lens" is offered. "The 6th In the objective lens of 
the optical system for forming the beam spot The wavelength lambda of the beam for information 
playback and the relation of the numerical aperture NA of a direction right-angled on a truck are 
lambda/NA > 1.35. mum The regenerative apparatus of claims 2, 3, and 4 characterized by being 
satisfied and an optical disk given in five" is offered. 
[0024] 

[Function] The cross talk between the land which the optical disk of a land groove recording method 
adjoined, and a groove mentioned above has relation in wave aberration. When spherical aberration 
occurs when it is classified into spherical aberration, astigmatism, comatic aberration, etc. and a 
thickness error and a refractive-index error are in an optical disk substrate, and there is an inclination, 
astigmatism and comatic aberration generate this wave aberration. 

[0025] Although the amount of wave aberration originates at the time of playback of optical disks, such 
as a thing resulting from optical system, such as an optic manufacture error of the optical pickup for 
information playback, an optical-axis alignment error, an anchoring error, and a semiconductor laser 
manufacture error, defocusing of drive equipment, an inclination (tilt) of an optical disk, a thickness 
error of a substrate, and a refractive-index error of a substrate, it is greatly influenced by both. 
[0026] What is necessary is just to suppress generating of wave aberration as much as possible to make a 
cross talk small. Then, if a beam diameter is enlarged, the effect by the optic error and optical-axis 
alignment error of the above-mentioned optical pickup for information playback, an anchoring error, a 
semiconductor laser error, defocusing, the inclination (tilt) of an optical disk, the thickness error of a 
substrate, the refractive-index error of a substrate, etc. becomes small relatively, consequently wave 
aberration can be made small. However, enlarging a beam means that the informational playback which 
carried out high density record becomes difficult in the direction of a truck. Therefore, what is necessary 
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is to enlarge a beam only in the direction right-angled on a truck, and just to make wave aberration of 
the part small. 

[0027] When becoming a problem here enlarges a beam only in the direction right-angled on a truck, it 
is that it is expected that the cross talk from an adjoining truck (a contiguity land or groove) increases, 
but as this was already indicated, it is solvable by considering as the optimal channel depth. As a 
concrete approach of enlarging the diameter of the beam spot, a diaphragm of an ellipse or ellipse 
opening is inserted in the direction right-angled on a truck into optical system, or only a direction right- 
angled on a truck should make small numerical aperture NA of (although anywhere in an optical path is 
sufficient as an insertion part, just before an objective lens or immediately after are desirable), and an 
objective lens. The wavelength lambda of the beam for information playback and the relation of the 
numerical aperture NA of a direction right-angled on a truck are lambda/NA > 1.35. mum = 1350nm If 
it is made to make it satisfied, the effectiveness is much more remarkable. For example, it is NA=0.5 if 
it is lambda = 685 nm. The following is desirable, the case where the beam spot is made into an ellipse - 
- the ratio of a major axis f and a minor axis g - f/g - 1.05-1.38 ~ desirable -- 1.1-1.2 It is more 
desirable. 

[0028] in addition - being alike - the ratios D/W (KERARE multiplier) of the diameter W of the beam 
spot (diameter used as 1 of main reinforcement / e2) at the time of making the pupil of an objective lens 
into an ellipse or an ellipse, and carrying out incidence to the diameter D of effective opening (diameter 
of a pupil) to an objective lens - direction right-angled on a truck It is effective, even if it brings close to 
1.0 and makes the injection beam spot into an ellipse, moreover, ******„ reverse -- KERARE 
multiplier of the direction of a truck 1.0 or less ~ for example, ~ 0.8 about 0.7 - even if - it is good. 
[0029] In fact, somewhat, even if it is not an ellipse or an ellipse strictly, if the diameter of the beam spot 
is large in a direction right-angled on a truck, the effect of an error which was mentioned above will 
decrease in it, and it will become it reproducible [ the optical disk of a high density land groove 
recording method ]. Hereafter, although an example explains this invention more concretely, this 
invention is not restricted to this. 
[0030] 

[Example] The magneto-optic-disk record regenerative apparatus which carried the optical pickup with 
the objective lens which made the pupil the ellipse form is prepared. This optical pickup forms the beam 
spot of an ellipse with a major axis in the direction right-angled on a truck, as shown in drawing 1 and 2. 
direction where the beam-spot size of an ellipse is right-angled on a truck 1 .29 mum and the direction of 
a truck 1.17 micrometers it is ~ ratio f/g of a major axis f and a minor axis g ~ abbreviation It is 1 . 1 . 
[0031] Although a magneto-optic disk is set in this equipment and a cross talk is evaluated, the approach 
of cross talk measurement is explained first. It is CLM (dBm), the signal-component reinforcement, i.e., 
the carrier level, of a regenerative signal at the time of reproducing the data recorded on the land, when 
data are recorded on the land of arbitration and there is no record in the contiguity groove. It carries out. 
Next, it is CGO (dBm) in the signal-component reinforcement of the regenerative signal at the time of 
reproducing a contiguity groove without this record, i.e., the carrier level which leaks from record of a 
land truck to a groove. Then, cross talk CTL from a land truck to a groove truck It is expressed below. 
[0032] When data are recorded on the groove of arbitration and there is no record in the contiguity land 
like CTL =CGO-CLM (dBm), it sets to CGM (dBm), the signal-component reinforcement, i.e., the 
carrier level, of a regenerative signal at the time of reproducing the data recorded on the groove. Next, it 
is the cross talk CTG from a land truck to CLO, then (dBm) a groove truck in the signal-component 
reinforcement of the regenerative signal at the time of reproducing a contiguity land without this record, 
i.e., the carrier level which leaks from record of a groove truck to a land. It is expressed below. 
[0033] Wavelength of the light source of a CTG =CLO-CGM optical pickup (dBm) NA 0.55 of the 
objective lens of the direction of a right angle, a KERARE coefficient D/W 0.8, and a polarization 
condition are the linearly polarized lights, the direction is parallel to 680nm and a truck to a groove, and 
optical system is non-aberration mostly, a magneto-optic disk - car angle-of-rotation thetaK =0.8 ** -- 
it is - track pitch = land- width = groove width of face 0.8 micrometers The groove depth The thing of 
72 nm (lambda/6.3 n), and track pitch 0.6 micrometers The groove depth two kinds of 85 nm(s) 
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(lambda/5. 35n) -- moreover, the tilt prepared two kinds, the thing of Omrad, and 3mrad(s). 
[0034] First, it is mark die length of 2 micrometers to one land of these magneto-optic disks. Mark pitch 
4micrometer Mark width of face 0.6 mum After recording, this recording information was reproduced 
and CLM was measured with the spectrum analyzer. Next, the groove which adjoined is reproduced, 
CGO is measured and it is CTL from these values. It asked. A result is shown in Table 1. The optical 
magnetic-reproducing equipment which has an optical pickup with a circular pupil is prepared for the 
comparison with the former. Moreover, it is a track pitch as a magneto-optic disk. 0.8 micrometers The 
thing of groove depth 67 nm (lambda/6.75n), and track pitch 0.6 micrometers Groove depth Two kinds 
of 79 nm(s) (lambda/5. 75n) were prepared, and cross talk evaluation was performed like the example. A 
result is shown in Table 2. 

[0035] The example of a cross talk difference is smaller about 7-8dB, and these results show that it is 
hard to be influenced of various errors. 
[0036] 
[Table 1] 

CTl (dB) 





5 *y £ fc? 7 (;un ) 
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+13.8 


[0037] 
[Table 2] 

CTl (dB) 
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-59.5 
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[0038] 

[Effect of the Invention] As explained above, according to this invention, the playback approach of an 
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optical disk of having performed high-density land groove record, and offer of a regenerative apparatus 
can be performed, without lowering the manufacture yield of an optical disk or a regenerative apparatus. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

Prawing 1] It is an explanatory view showing the beam spot of the ellipse which is the playback 
approach of this invention. 

[Drawing 2] It is an explanatory view showing the beam spot of the ellipse which is the playback 

approach of this invention. 

[Description of Notations] 

1 ... Land 

2 ... Groove 

3 ... Optical pickup 

4 ... Mark 

5 ... The beam spot of an ellipse 



[Translation done.] 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated, 

DRAWINGS 



[Drawing 2] 

4 




2 



[Translation done.] 
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